The effect of isomalto-oligosaccharides on human fecal flora was studied. Bifidobacteria and the Bacteroides fragilis group from human intestine could utilize isomalto-oligosaccharides but Escherichia coli and other bacteria could not. After the administration of isomaltooligosaccharides (13.5 g daily for 2 weeks) to healthy adult men and senile persons, the numbers of bifidobacteria in the feces increased. The consistency of feces was improved. These studies may support the usefulness of isomalto-oligosaccharides as components of new healthy foodstuffs for the improvement of the intestinal flora.
1) Preparation and composition of Isomalto-900(R)
Isomalto-900(R) was prepared from cornstarch by the action of a-amylase, pullulanase, and a-glucosidase (16) . Isomalto-900(R) contains 25% water. The jelly (Isomalto-900(R) 20.0 g, azuki paste 25.0 g, agar 0.35 g, water 24.65 g) were prepared, and these two foods were fed alternately every three days. The 20 g per day of Isomalto-900(R) (13.5 g per day of isomalto-oligosaccharides) was administered daily for 10 days to 6 adult men ranging from 26 to 48 years of age and for 14 days to 18 senile persons (five males and thirteen females) , ranging from 50 to 93 years of age. The senile persons had been in Funabashi Hospital , Chiba.
4) Investigation of fecal flora
Fresh fecal specimens were collected, kept at 4°C and then anaerobically transported to the laboratory. After homogenization, specimens (1 g) were dissolved in 9 ml of anaerobic diluent and mixed thoroughly, and then a series of 10-fold dilutions (10-1 to 10-8) was prepared. According to the method of Mitsuoka et al (11) , approximately 0.05 ml of each dilution was inoculated onto 3 non-selective media (EG, BL, and TS media) and 10 selective media (BS, ES , NBGT, LBS, NN, VS, DHL, TATAC, PEES, and P media) . Anaerobic incubation was carried out at 37°C by the steel-wool method. Identification of the genus of bacteria was performed by the observation of colonial and cellular morphologies according to the method of Mitsuoka (9) . RESULTS 
1) Utilization of Isomalto-900(R) by the intestinal bacteria
The results are shown in Table 2 . Isomaltose, isomaltotriose, panose , and Isomalto-900(R) were utilized as well as raffinose by bifidobacteria except for Bifidobacterium bifidum. Raffinose is demonstrated as one of the effective factors related to the proliferation of bifidobacteria (1) . In other bacteria , species of the Bacteroides fragilis group such as B. fragilis, B. thetaiotaomicron, and B. distasonis utilized all the sugars examined. Enterococcus faecalis utilized isomalto-oligosaccharides . Most of the other bacteria expect for Clostridium ramosum were not able to utilize isomaltooligosaccharides.
2) Changes in the fecal flora of healthy adult men by the intake of Isomalto-900®
The results are shown in Table 3 . Only the number of bifidobacteria and total bacteria increased significantly 7 and 10 days after administration of Isomalto-900® . The average number of bifidobacteria per gram of feces increased from 109.4 to 1010 after 7 days of administration of Isomalto-900(R). The total counts of bacteria also increased from 1010.4 to 1010.6. Figure 2 shows changes of the fecal bifidobacteria counts in individual subjects. In 4 men who had a small number of bifidobacteria before administration, the counts significantly increased.
3) Changes in the fecal flora of 18 senile persons by the intake of Isomalto-900(R) Figure 3 shows changes of the bifidobacteria counts in 18 senile persons. In 12 persons, the number of bifidobacteria increased by administration of Isomalto-900(R) (left side of Fig. 3 ) . In 6 persons (right side of Fig. 3) , the bifidobacteria did not increase; the feces of one of them who had trouble with liver cancer were not collected in the 14-day period after discontinuing administration; another person suffered from cholelithiasis.
In the subjects who had a small number of bifidobacteria before administration, the counts increased about 100 times after 14 days of administration of Isomalto-900(R). Table 4 shows changes in all fecal flora of these 12 persons . The average number of bifidobacteria per gram of feces increased about 12 times from 108.3 to 109.4 after 14 days. In 14 days after discontinuing administration , however, the number of bifidobacteria decreased to 108.7. The average number of lactobacilli and enterobacteria decreased by intake of Isomalto-900(R).
DISCUSSION
It is widely known that bifidobacteria can be classified as beneficial intestinal bacteria, while some others like Clostridium perfringens and Escherichia coli are unfavorable for humans in terms of both health and nutrition (10) .
The results of the in vitro experiment indicated that isomalto-oligosaccharides were utilized as well as raffinose by bifidobacteria but were not utilized by E . coli. Raffinose was utilized by E. coli. Isomalto-oligosaccharides were digested by isomaltase in jejunum (2), while in this study the numbers of bifidobacteria increased by the intake of Isomalto-900(R). This may demonstrate that some of them are digested, and others arrive in the large intestine of humans and are utilized by bifidobacteria. We need to ascertain how isomalto-oligosaccharides act in the human body.
There are recent studies of sugar sources for selective increase of bifidobacteria, for example fructo-oligosaccharides (4), galactosyl lactose (8) , and soybean oligosaccharides (7). Fructo-oligosaccharides are a nondigestible sugar, 8 g per day of which is effective (4) . In this study, 13.5 g of isomalto-oligosaccharides was taken per day. This dosage was as sweet as 8 g of sucrose. An additional study is needed to determine a suitable dosage of isomalto-oligosaccharides for the proliferation of bifidobacteria.
In the results with senile persons, the number of bifidobacteria in six persons did not increase by the administration of Isomalto-900(R) ; one of them had trouble with liver cancer, and another person suffered from cholelithiasis. They had an abnormal intestinal flora including a higher number of C. perfringens and a lower number of bifidobacteria. Disregarding the cases of these 2 persons, it was noted that isomalto-oligosaccharides were effective in 12 of the 16 other senile persons studied.
In this study, no persons had diarrhea, and 2 of the 24 persons started to break wind and then returned to normal after a few days. The consistency of feces was improved. 
